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lOTRODUCTION 


Determining  the  voluine  of  a  truck  load  of  logs  by  weighing  the  load 
has  been  proven  over  the  years  to  be  very  successful.    It  eliminates 
the  time-consuming  chore  of  scaling  all  loads  of  logs.    With  this 
system,  all  loads  are  weighed  and  sample  loads  selected  for  scaling 
by  some  random  method.    The  scaled  volumes  provide  a  relationship  of 
board  feet  to  pounds,  which  is  used  in  determining  the  total  volume 
of  all  loads. 

This  method  worked  very  well  until  the  advent  of  tree  length  logging, 
where  logs  were  presented  for  scaling  that  contained  several  products 
within  one  piece.    Buyers  and  sellers  wanted  to  know  how  much  material 
was  changing  hands  by  product,  such  as  peeler  logs,  sawlogs,  stud  logs, 
poles,  posts,  pulp,  and  in  some  cases  unuseable  material  because  of 
some  form  of  wood  or  product  defect.    A  more  sophisticated  weight- 
scaling  method  was  needed  to  satisfy  these  requirements. 

With  the  application  of  3P  Sampling  and  a  computer  program  especially 
designed  to  provide  the  above  information,  volumes  by  product  may  be 
obtained.    In  addition  to  this,  the  time  required  to  determine  the 
volume  of  the  sample  load  is  reduced  with  an  improved  accuracy  of  the 
final  calculated  volume. 


-1- 


SAMPLE  WEIGHT  SCALING 
WITH  3P  SAMPLING 
FOR 

MULTI-PRODUCT  LOGGING 


Sanqjle  Weight  Scaling  with  3P  Sampling  (SWS3P)  en^loy-      the  milti- 
stage  sampling  concept  where  two  populations  are  to  be  sampled.  The 
first  population  to  be  considered  is  the  loads  o£  logs  as  they  ar- 
rive at  the  mill  landing,  this  may  be  referred  as  the  first  stage 
sample.    The  second  population  to  be  sampled  is  the  logs  that  make 
up  the  sample  loads,  or  the  second  stage  sample.    Where  there  are 
two  stages,  the  first  stage  sampling  error  will  usually  be  relative- 
ly larger  than  the  second  stage  error.    When  these  errors  are  com- 
bined, the  total  san^ling  error  cannot  be  reduced  below  the  larger 
of  the  two  errors,  without  taking  more  samples. 


COMPUTING  THE  NUMBER  OF  SAMPLE  LOADS 


The  intensity  of  any  san^ling  method  depends  on  the  accuracy  desired 
by  the  sampler.    To  determine  the  number  of  sauries  needed  for  each 
of  the  two  stages,  some  error  limit  (E)  must  be  assigned  and  a  Coef- 
ficient of  Variation  (CV)  established  for  each.    Then,  from  the  formu- 
la t^CV^ ,  the  number  of  samples  needed  can  be  determined  for  each  of 


the  two  san5)ling  stages.    The  combined  saii5)ling  error  of  the  first 
and  second  stage  sample  can  be  calculated  by  i — 9  x  

The  Coefficient  of  Variation  (CV)  of  the  first-stage  sample  is  an  ex- 
pression of  the  weight  difference  of  a  unit  of  measure  that  can  be 
expected  to  occur  in  the  selected  sample  loads.    The  (CV)  of  the  sec- 
ond-stage sanqjle  is  an  expression  of  the  ratio  of  the  actual  quantity 
divided  by  the  estimated  quantity  of  the  sample  logs. 
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Thus,  the  number  of  loads  to  be  sampled  may  be  calculated  by  the 
following  formula  that  includes  the  total  number  of  truck  loads 
from  v^iich  the  first  stage  sample  will  be  selected. 


n    =    t^CCV)^    /  (^e2    +    t^(CV)^  ^ 
Where: 


n    =    number  of  sample  loads  needed 
t    =    given  probability  (1  for  671  level, 
2  for  95^0  level) 
CV   =    Coefficient  of  Variation  in  percent 
E    =    Desired  san^ling  error 
N    =    Total  number  of  truck  loads 


For  example,  assume  that  a  tract  of  timber  contains  approximately 
1,500,000  cubic  feet  of  wood  products  (or  about  5,250,000  board  feet). 
It  is  to  be  hauled  on  trucks  that  usually  haul  about  1,200  cubic  feet 
(or  about  4200  board  feet)  per  load,  with  an  experienced  CV  of  +_  81 
to  a  +^  2%  sampling  error  95  times  out  of  100,  or  t  is  equal  to  2.  The 
number  of  sanple  truck  loads  is  calculated  as  follows: 

1*500^000        =  1^250  truck  loads 


Therefore: 


n    =    2^    (8)^  / 


(22    +    2^(8)2  \ 


=    256    /  4.2048 

=    60.88  sample  loads  or  a  sanple  of  1  in  20 

The  sampling  technique  used  to  select  the  sample  loads  may  be  any 
system  that  does  not  bias  the  sample. 

CQMPUTING  THE  NUMBER  OF  SAMPLE  LOGS 


Determining  the  wlume  of  the  sample  load  is  done  with  a  3P  sample  of 
the  logs  within  the  load.    The  principle  of  3P  (Probability  Proportional 
to  Prediction)  is  to  make  a  volume  prediction  of  each  log  on  the  load 
and  select  the  sample  logs  through  the  use  of  a  set  of  random  numbers. 
The  exact  volume  of  each  sample  log  is  very  carefully  determined  so 
as  to  calculate  an  adjustment  and  expansion  factor. 


After  the  sanqjle  load  frequency  has  been  determined,  an  estimate  of  the 
approximate  number  of  logs  per  sample  load  is  made,  based  on  the  best 
knowledge  you  have  of  the  trees  to  be  cut  and  size  of  trucks  to  be  used. 
This  estimate  is  needed  for  determining  the  population  from  which  the 
3P  sample  will  be  taken.    Samples  are  then  selected  with  the  use  of 
a  specially  prepared  list  of  random  integers. 

A  list  of  random  integers  or  random  numbers  must  be  used  for  each 
separate  sample.    The  numbers  will  be  generated  by  the  RN3P  computer 
program  on  the  basis  of  the  number  of  samples  needed  to  obtain  a 
desired  sampling  error.    The  following  information  is  needed: 

(a)    LIM  -  This  is  the  number  of  random  numbers  needed  to  select 

sample  logs  from  the  sample  loads.  The  LIM  can  be  coniputed 

by  taking  the  total  number  of  loads  to  be  included,  divided 

by  the  sample  load  frequency,  times  the  average  number  of 
logs  per  load. 

_  /N\  /1250  \ 

Example:  T   =    X         =    50    V  20  / 

Total  number  of  loads  (N)  1250 

Sarple  frequency  (f)  1-20 

Number  of  sample  loads  to  be  scaled  (n)  63 

Average  number  of  logs  per  load  (-^q  50 

Estimated  number  of  logs  in  the  sample  loads  (T)  ^^25 
(Increase  the  estimated  number  of  random  numbers 

by  15%,  3125  x  1,15  -  3594) 
Random  numbers  are  in  pages  of  500,  therefore 

round  up  to  next  500  - 


4000 


Cb)    K  -  This  is  the  gross  volume  of  the  larger  logs  in  the  population 
to  be  sampled  -  but  not  the  largest  log.    A  log  is  considered 
to  be  one  log,  regardless  of  how  many  scaling  segments  or  products 
it  may  contain.    Logs  that  are  larger  than  "K"  are  classed  as 
sure -to -measure  logs  with  an  equal  (=)  sign  recorded  in  column  11 
of  the  log  scale  sheet  (Exhibit  3) .    The  number  of  sure -to -measure 
logs  should  not  exceed  10%  of  the  san^le  by  count. 

Random  numbers  and  predictions  should  be  in  cubic  feet  rather 
than  board  feet,  as  small  logs  do  not  contain  board  feet  but  do 
contain  chipable  material. 

(c)    KZ  -  The  value  given  "KZ"  detemines  the  sampling  frequency,  and 
It  is  the  total  of  all  predictions,  divided  by  the  number  of 
samples  desired. 

For  example,  if  an  average  load  of  logs  contains  1200  cubic  feet, 
and  61  sample  loads  are  needed: 
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1200  X  61  = 


73200  cubic  feet 


The  desired  number  of  sample  logs  is  100;  therefore, 


73200 


732 


To  determine  the  number  of  sample  logs,  either  of  the  following 
two  formulas  may  be  used: 


CV  =  coefficient  of  variation  anticipated  by  the 
person  making  the  prediction. 

E  =  desired  sanpling  error. 

t  =  given  probability. 

n  =  number  of  sample  logs. 

N  =  total  number  of  logs  included  in  sample. 


Note:    It  has  been  found  that,  by  adjusting  the  KZ  so  as  to  obtain 
at  least  3  to  5  sample  logs  per  sample  load,  the  buyer  and 
seller  have  a  better  feeling  of  the  final  volume.  This 
practice  usually  results  in  grossly  oversampling  the  second 
stage  sample.    Therefore,  reducing  the  sanple  error  of  the 
second  stage  to  a  point  where  it  is  of  little  significance. 


Loads  of  logs  to  be  sampled  from  the  first  stage  smple  should  be 
adequately  spread  on  the  ground  to  provide  the  log  scaler  a  good  view 
of  each  log.    The  volume  of  each  log  is  estimated  and  recorded  on 
sheet  1,  Exhibit  #1,  and  the  estimate  is  compared  with  the  list  of 
random  numbers.  Exhibit  #2.    If  the  prediction  or  estimate  is  equal 
to  or  greater  than  the  number,  the  log  becomes  a  san^le;  prediction 
greater  than  "K"  becomes  sure -to -measure.    All  other  logs  whose 
predictions  are  less  than  the  random  number  or  are  compared  with  a 
"null"  do  not  become  sauries,  and  therefore,  are  not  measured.  (Nulls, 
are  those  numbers  shown  on  the  random  number  list  as  "-99999"  or  "0".) 


n 


where : 


FIELD  PROCEDURE 
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Predictions  greater  than  "^K" should  be  specially  identified  by  some 
unique  code  (i.e.,  K,  X,  S,  ...etc. )  on  the  log  prediction  tally  sheet, 
(Exhibit  1),  rather  than  recording  the  predicted  volume,  by  using  a 
unique  code  letter,  it  will  not  be  included  in  the  stratum  predicted 
aggregate.    If  larger  than  "K"  predictions  are  included  in  the 
aggregate  and  considered  also  as  a  Sure-to-measure  tree,  the  result 
will  increase  the  frequency  values  for  the  other  3P  selected  trees, 
therefore  indicating  more  than  their  true  represented  volume. 
In  addition,  the  sure-to-measure  tree  volume  will  be  added  to  that 
already  excessive  volume. 

Stratum  Code;    Nine  stratum  codes  are  available  to  the  user  in  the 
program  (1  through  9).    Each  stratum  is  independent  of  the  next 
when  calculating  volumes.    Within  a  given  stratum,  the  predicted 
aggregate,  number  of  samples  selected  and  the  predicted  volume  of  the 
sample  selected  are  used  to  calculate  the  frequency  factor  to 
expand  the  actual  volume  of  the  selected  sample.    This  is  done  for 
each  stratum  independently,  with  a  separate  total  for  each. 

With  the  use  of  strata,  the  user  may  be  sampling  as  many  as  nine 
small,  independent  populations  at  the  same  time.   A  population 
may  be  by  species,  or  species  group,  product  (i.e.,  sawlogs,  pulp- 
wood,  log  quality,  etc.)  dead  logs  or  several  other  breakdowns  for 
which  separate  information  is  desired.    It  is  imperative  that  an 
adequate  sample  is  selected  from  each  of  the  stratum  used  so  that  final 
adjusted  volume  can  be  calculated.    Carefully  consider  the  use  of 
stratum  and  how  intensively  each  stratum  is  sampled  before  beginning 
the  field  work. 
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Volume  predictions  of  all  logs  on  the  sample  loads  are  made  by  the 
scaler  with  the  aid  of  very  few  measurements.    Those  measurements  that 
are  taken  are  usually  to  assist  in  making  volume  estimates  on  very 
large  logs  or  logs  that  are  of  a  size  not  nonnally  experienced  in  a 
day's  work.    To  assist  the  scaler  during  a  training  period,  a  volume 
table  may  be  used  that  gives  the  approximate  volume  of  a  log  with 
various  lengths  and  diameters.    Log  predictions  are  compared  with 
the  random  numbers,  samples  are  indicated  on  the  recording  sheet  #1, 
and  the  sanple  log  marked  so  as  to  identify  it  later. 

Measurements  of  the  sample  log  are  recorded  on  sheet  2,  Exhibit  #3. 
It  provides  for  5  products,  3  of  which  are  for  any  method  desired  for 
log  scaling  and  2  for  length  and  diameter  only.    Calculations  to 
determine  the  cubic  foot  volume  of  all  products  are  made  using  Smalian's 
Formula.  Procedures  for  recording  the  log  measurements  will  be  discussed 

later  in  Data  Input. 

The  predictions  are  made  on  Sheet  1  (Exhibit  1)  and  are  totaled  by 
stratum,  so  they  may  be  used  later  in  the  computer  program  to  calculate 
frequency  factors  for  each  of  the  sample  logs.    Sheet  2  (Exhibit  3)  is 
conpletely  filled  out  at  the  time  of  scaling  the  sample  log  and  is 
submitted  for  card  punching  without  any  further  summarizing. 


INPUT  DATA 


The  program  uses  three  control  cards  (Exhibit  5)  and  is  not  limited 
to  the  amount  of  input  data,  except  that  final  answers  may  overload 
the  space  available  and  will  be  printed  as  ******.    Format  for 
printing  the  Stratum  and  Product  Report  is  FIX. 2,  and  for  the  Cubic 
Feet  by  Product  Report  is  Fll.l 


Control  Card  1 


Column  1-4  Reg_ 

5-16  Forest 
17-28  District 
29-40  Purchaser 
41-52  Sale  Name 

53-58  Date 
*59-67  Blow  up  factor 

Total  wt/sanple  wt 
(example  9.0540) 
68-80  Reserved  for  date  of  run 

and  page  number 

*Blow  up  factor  (F9.4)  if  used,  must  be  in  columns  59-67.  Other 
information  may  be  arranged  as  desired. 
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Control  Card  2 

This  card  may  be  left  blank,  as  the  information  is  not  needed  in  the 
calculations,  but  is  available  to  show  on  the  printout  the  number  of 
predictions  that  make  up  the  totals  for  control  card  3.    There  are 
nine  strata  and  8  columns  in  each  stratum.    (0-8)  (9-16)  (17-24)  (25-32) 
(33-40)  (41-48)  (49-56)  (57-64)  (65-72) 

Control  Card  5 

Needed  here  is  the  total  of  all  predictions  by  stratum  that  are  to  be 
represented  by  the  sample  log  data.    Format  is  the  same  as  for  Card  2. 

Data  Cards 

Recording  of  log  measurements  on  sheet  2.    (Exhibit  3) 
Column 

1-5  This  field  shows  the  sanq)le  log  number.    The  five  spaces 

may  be  used  in  any  manner  the  user  wishes.    As  a  suggestion, 
it  may  be  used  to  record  the  last  3  digits  of  the  Truck 
Ticket  and  2  digits  for  the  log  number. 

6-9  This  field  shows  the  estimated  or  predicted  volume  given 

the  log  at  the  time  it  was  selected  as  a  sample. 
When  several  products  are  being  hauled  on  the  same  load, 
cubic  estimates  are  more  representative  than  board  feet 
estimates,  particularly  when  small  logs  and  pulpwood  are 
included. 

10  This  field  shows  the  value  stratum  with  a  single  character 
code  from  1  to  9.    The  stratum  code  may  be  used  to  identify 
species,  species  groups,  products  or  values.    For  each 
stratum,  the  Mean,  Coefficient  of  Variation  and  Sanpling 
Error,  will  be  calculated. 

11  This  field  is  entered  with  an  asterisk  (*)  for  3P  san^Dle 
logs  and  an  equal  (=)  for  sure  to  measure  logs.  Sure  to 
measure  logs  are  those  that  have 

a.  a  prediction  greater  than  "K". 

b.  large  amounts  of  defective  wood. 

c.  sound  defect,  i.e.,  sweep,  crook,  knots. 

d.  very  high  value  where  there  would  be  a  small  sai^le. 

The  "Product"  code  is  to  separate  and  identify  the  various 
products  within  a  log,  and  is  not  card  punched. 
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For  example: 


If  Product  "A"  has  been  assigned  to  represent  sawlogs 
and  "B"  peeler  logs,  this  coding  would  continue  through 
the  duration  of  the  period,  and  recording  would  be  in 
the  proper  columns. 

The  user  will  be  given  a  volume  summary  for  each  product 
code  used.     (A  through  E) 

12-14  Segment  Length.    The  total  length  of  a  given  product  is 

entered  to  the  closest  tenth  foot  including  trim. 

15-17  Top  Diameter.    The  top  diameter  of  the  product  may  be 

measured  to  the  closest  tenth  of  an  inch.    If  diameters 
are  rounded  to  the  closest  inch,  the  "0"  must  be  recorded 
and  punched  in  column  17. 

18-20  Bottom  Diameter.    Same  recording  instructions  as  above. 

If  diameters  are  rounded  to  the  closest  inch,  the  "0" 
must  be  recorded  and  punched  in  column  20. 

21-24  Net  Scale.    This  field  is  for  recording  the  total  net 

scale  of  the  product  even  though  it  may  contain  two  or 
more  segments.    Any  scale  rule  desired  may  be  used,  as 
the  volume  recorded  in  these  columns  are  expanded  in 
relation  to  their  own  value,  but  must  be  consistent 
throughout  the  sample. 

25-28  Defect .    This  field  is  for  recording  the  defect  for  the 

segment  or  segments  representing  the  net  scale,  and 
must  be  the  same  units  of  measure. 

29-62  Product  B  ^  C  recording  is  the  same  as  for  Product  A. 

63-80  Products  D  and  F.    The  recording  of  length  and  diameter 

is  the  same  as  product  "A".  For  these  products  there  is 
no  provision  for  net  scale  and  defect.  Cubic  volume  and 
linear  feet  are  calculated  and  expanded  by  the  program. 

OUIPUT  DATA  (EXHIBIT  5  ) 

At  the  top  of  each  page,  the  information  punched  on  control  card  1  will 
appear.    In  addition,  the  Date  of  Run  and  the  Page  number  will  be 
shown.    The  information  from  control  card  2  if  left  blank  will  show  9 
zeros,  otherwise,  the  number  of  predictions  by  stratum,  followed  by 
the  sums  of  the  estimates  that  were  entered  on  control  card  3. 

The  Input  and  Frequency  Summary  shows  the  field  data  input  and  calculates 
the  cubic  foot  volume  by  product,  the  total  cubic  foot  volume,  and  the 
frequency  factor  for  each  san^le  log. 
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Stratum  and  Product  Report.    This  report  gives  a  total  net  and 
defective  volume  by  stratum  by  product  in  \AiateveT  unit  of  measure 
used  by  the  scaler  for  products  A,  B,  and  C.    Products  D  and  E  are 
shown  in  linear  feet. 

Cu.  Ft.  By  Product  Within  Strata  Report.    This  report  gives  the  total 
gross  cubic  foot  volime  by  stratum  oy  product  for  the  entire  input 
data.    Cubic  volumes  are  based  on  Smalian's  Formula. 

Statistical  Summary .  This  summary  shows  for  each  stratum,  the  second 
stage  sanpling  Mean,  Coefficient  of  Variation  and  San^Dling  Error. 


USERS  ACCESS  TO  SWS3P 

The  program  is  written  in  standard  fortran  IV  (Exhibit  6)  making  it 
con5)atible  with  most  conpiters  with  only  minor  changes ,  and  is 
presently  loaded  on  the  Forest  Service  coiiputer  at  FCCC. 
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Exhibit  1 
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Exhibit  2 


RANDOM  NUMBERS 
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